Background. Little is known regarding the relationship between overall diet quality and physical performance among older adults. We examined the association between overall diet quality, as measured by the US Department of Agriculture's Healthy Eating Index-2005 (HEI-2005, and physical performance, as measured by gait speed (n = 2,132) and knee extensor power (n = 1,392), among adults aged 60 years or older.
A S the number of older adults and average life expectancy continue to rise, many people will experience functional impairments, an integrated marker of health status (1) . Nutritional status is one of the major determinants of functional outcomes with aging (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Much of the current research examining the association between diet and functional status are limited by area-specific populations (3) (4) (5) (6) (7) (8) (9) (11) (12) (13) (14) (15) (16) , female-only participants (3, 8, 13, 14, 16) , small sample size (3, 4, (7) (8) (9) (13) (14) (15) , and self-reported measures of functional status (5, 7, 8, 10, 16) . Performance-based measures have been suggested to improve the evaluation of physical function because they are objective, allow for variability, and can better discriminate functional levels in well-functioning older adults (17) .
Moreover, most of those studies focused on only single nutrients or individual food groups (3, (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Because of the complexity of dietary intake and the possible interaction of nutrients, it is often difficult to attribute the effects of a single dietary component on health outcomes (18) . A healthy diet may play a critical role in the prevention of functional decline. The Healthy Eating Index-2005 (HEI-2005), developed by the US Department of Agriculture, provides a picture of overall dietary quality. Considering the role of diet in the prevention of impaired muscular function, osteoporosis, and oxidative damage associated with aging and chronic disease (3, 6, 8) , it is reasonable to hypothesize that a better overall diet quality may play a role in preventing or delaying age-related functional decline. A recent study reported that adherence to the Mediterranean diet was associated with a slower decline in physical performance over 9 years of follow-up among older adults (19) .
To our knowledge, the association between overall diet quality, as measured by HEI-2005 , and physical performance in older adults has not been studied. Therefore, the purpose of this study was to examine the association between overall diet quality and physical performance in a nationally representative sample of older adults.
Methods

Participants
The National Health and Nutrition Examination Survey, conducted by the National Center for Health Statistics, consists of a detailed in-person home interview and a health examination conducted in a mobile examination center.
Of the 3,706 individuals aged 60 years or older, who completed both the in-person home interview and physical examination in the mobile examination center, 590 participants were excluded with missing confounding variables (age, gender, race/ethnicity, education, smoking status, comorbidities, medication use, cognitive function, body mass index [BMI] , and physical activity) and 78 participants were excluded for missing HEI-2005 data. After excluding incomplete data for gait speed (n = 116) and knee extensor power (n = 916), the final sample size is 2,132 for gait speed and 1,392 for knee extensor power. This study was approved as exempt by the Institutional Review Board of Auburn University.
Diet Quality
Dietary data were collected using a 24-hour recall that employed the US Department of Agriculture AutomatedMultiple Pass Method. The Automated-Multiple Pass Method is a computerized method for collecting interviewer-administered 24-hour dietary recalls either in-person or by telephone. The Automated-Multiple Pass Method uses a multiple-pass approach that employs five steps designed to facilitate complete and accurate food recall (20) . Studies have shown that the Automated-Multiple Pass Method results in improved reporting when compared with other data collection methods (20) .
The HEI-2005, a composite score assessing an individual's adherence to the 2005 Dietary Guidelines for Americans, was used to measure an individual's overall diet quality (21) . The HEI-2005 comprises 12 nutrient and food-based components. The first six components, including total fruits, whole fruit, total vegetables, dark green and orange vegetables and legumes, total grains, and whole grains, are each awarded 0-5 points. The next five components, including milk, meat and beans, oils, saturated fat, and sugar, are each awarded 0-10 points. The last component reflects calories from solid fat, alcohol, and added sugars and is allocated 0-20 points. All the major food groups found in US Department of Agriculture's MyPyramid and oils are included as nine adequacy components in the HEI-2005. The remaining three components, saturated fat, sodium, and calories from solid fat, alcohol, and added sugars, represent moderation components. The adequacy components scores are prorated linearly and multiplied by the total possible number of points (5 or 10). The standards for the moderation components were derived from dietary recommendations as well as population distributions and were prorated linearly between these standards. Scores for the 12 components were summed to give a total HEI-2005 score ranging from 0 to 100, with a higher score indicative of a healthful diet. Information about the HEI-2005 and its scoring system is reviewed elsewhere (21) .
For this analysis, HEI-2005 scores were categorized into quartiles to express diet quality, the first quartile (reference group) representing the lowest quality and the fourth quartile representing the highest quality. Each of the HEI-2005 component scores was analyzed as an indicator variable (those who met their recommendations vs all others).
Physical Performance
Performance-based measures included gait speed and knee extensor power. The timed 20-foot walk test was performed at the participant's usual pace, measured using a stopwatch. Participants were allowed to use a walker or cane if needed, but individuals were excluded from testing if they needed the assistance of another individual to walk. Gait speed (meters per second) was calculated as the walking distance (20 feet = 6.15 m) divided by the time required to complete the task (in seconds).
Right knee extensor force production was measured using a Kinetic Communicator isokinetic dynamometer (Chattecx Corp., Chattanooga, TN). Knee extensor power was calculated as follows (22) where peak torque is equal to peak force (Newton) × lever arm length (m), and peak force velocity (Radians/s) is equal to peak force velocity (degree/s) × (p/180), where p = 3.14.
The lever arm length is the distance from the participant's ankle to their knee joint. As power requirements for functional tasks vary by body size, knee extensor power values were standardized by dividing by body weight in kilograms (23) .
Confounding Variables
Potential confounding variables included age, gender, race/ethnicity, education, smoking status, comorbidities, medication use, cognitive function, BMI, and physical activity. For this analysis, age was considered as a continuous variable. Three race/ethnicity categories were examined: non-Hispanic white, non-Hispanic black, and Hispanics. Level of education was defined as less than a high school degree or a high school degree or more. Smoking status was determined by the reported use of cigarettes, cigars, or pipes, and participants were classified as never-, former, or current smokers. Comorbidities were represented by the total number of chronic diseases (diabetes, hypertension, congestive heart failure, heart disease, heart attack, angina, arthritis, stroke, chronic bronchitis, and emphysema). Medication use was based on self-reported use of prescription medication in the past month. Cognitive function was assessed using the Digit Symbol Substitution Test. Participants' weight and height were measured using standardized procedures (24) . BMI was calculated by dividing a person's weight (in kilograms) by the square of his or her height (in meters). Participants were defined as sedentary if they reported no moderate or vigorous activities and non-sedentary if they reported either moderate or vigorous activities over the past 30 days. To account for participants' usual physical activity, self-reported comparisons to their activity levels 10 years ago were used. Four physical activity categories were created: ≥active now compared with 10 years ago and sedentary over the past 30 days; <active now compared with 10 years ago and non-sedentary over the past 30 days; ≥active now compared with 10 years ago and non-sedentary over the past 30 days; and <active now compared with 10 years ago and sedentary over the past 30 days.
Statistical Analyses
The National Health and Nutrition Examination Surveys are multistage stratified area probability samples. All descriptive and inferential statistics were estimated using STATA (version 10, 2007; Stata Corp., College Station, TX) to account for sample design and sampling weights (24) . Associations across quartiles of HEI-2005 scores were tested by using chi-square tests for categorical variables and linear regression analysis for continuous variables. Multiple linear regression models controlling for potential confounders were used to estimate the associations between quartiles of HEI-2005 scores and physical performance. The relationship between the 12 individual HEI-2005 components and physical performance was also examined using adjusted multiple regression models. Statistical significance was assigned at p ≤ .05 (two sided).
Results
Descriptive characteristics of the analytic sample for gait speed by quartile of HEI-2005 scores are presented in Table 1 . Those with HEI-2005 scores in Quartile 4 tended to be female, non-Hispanic white, never-smokers, and better educated.
After adjusting for age, gender, race/ethnicity, education, and smoking status, total HEI-2005 scores were positively associated with both gait speed (p for trend = .02) and knee extensor power (p for trend = .05; 
Several individual HEI-2005 component scores were also associated with performance-based measures (Table 3) . After adjusting for age, gender, race/ethnicity, education, and smoking status, those who met the recommendations for HEI-2005 total fruit and whole fruit, dark green and orange vegetables and legumes, and oils had a faster gait speed compared with those who did not. Those who met the recommendations for HEI-2005 total fruit and whole fruit also had greater knee extensor power. After further adjustment for comorbidities, medication use, cognitive function, and BMI, the association between meeting the recommendations for dark green and orange vegetables and legumes with faster gait speed and meeting the recommendations for total fruit and whole fruit with greater knee extensor power remained. After further adjusting for physical activity, only those who met the recommendations for total fruit had greater knee extensor power (data not shown).
Discussion
To our knowledge, this is the first study to observe that overall diet quality was positively associated with physical performance among a nationally representative sample of U.S. older adults. Similar to our results, a previous longitudinal study reported that people with lower HEI-90 scores (an earlier version of the HEI) had a higher risk for incident self-reported mobility limitations (25) . Using a representative sample of older Italians, Cesari and colleagues (6) reported that higher dietary antioxidants intake was associated with higher knee extension strength. In the same study, older Italians who adhered to a Mediterranean diet had slower declines in physical performance over 9 years of follow-up (19) . Another study found that a low summary musculoskeletal nutrient intake including calcium, vitamin D, magnesium, and phosphorus was associated with poorer balance, gait speed, and repeated chair stands (4, 6) .
The HEI component scores offer an opportunity to study aspects of dietary intake and their relationships to physical performance. Our study found that higher HEI-2005 scores for total fruit, whole fruit, and dark green and orange vegetables and legumes were associated with a faster gait speed. In addition, higher HEI-2005 scores for total fruit and whole fruit were associated with greater knee extension power. The mechanisms behind the protective effects of consuming fruit and vegetables remain unclear, but antioxidants found in these foods may play a role (26) . Fruits and vegetables are important sources of antioxidants (27) . Cross-sectional and longitudinal studies have both reported relationships between low serum or plasma carotenoid concentrations and lower gait speed, greater decline of gait speed, and greater risk of developing poor hip, knee, and grip muscle strength (9, 12, 13) . Antioxidants, including the carotenoids, vitamin C, vitamin E, and other polyphenols, may counterbalance the age-dependent increase in oxidative stress (6, 8) . Furthermore, high concentrations of antioxidants have been associated with creatine kinase activity, suggesting the possibility of increased skeletal muscle repair. The oxidative damage to DNA, protein, and lipids in skeletal muscle cells may lead to atrophy and loss of muscle fibers (28). In Notes: For continuous variables, the p value is for the test of difference in means of the variables of interest. For categorical variables, the p value is for the chi-square test of association. HEI-2005 = Healthy Eating Index-2005; NHANES = National Health and Nutrition Examination Survey; SoFAAS = calories from solid fats, alcoholic beverages, and added sugars.
* Values are means, SE in parentheses. † Because of the small sample sizes, Mexican Americans and other Hispanics were combined to form the Hispanic category, and the other race was combined with non-Hispanic whites.
‡ Sample size for knee extensor power (n = 1,392) differed from that for gait speed.
addition, low concentrations of antioxidants have been associated with high risk of cardiovascular disease and neurodegenerative disorders, which in turn lead to poor physical performance (26, 28) . Two longitudinal studies examining the association between food groups and functional status reported that lower fruit and vegetable consumption was associated with greater self-reported functional limitations in older adults (10, 16) . Cardiovascular disease that involves dysfunction of one or more underlying biologic, neurologic, or psychological systems has also been associated with poor physical performance (16) . The risk of chronic diseases, including heart disease, arthritis, and obesity, can be lowered by diets that include an abundance of fruits, vegetables, whole grains, nuts, omega-3 fatty acids, and antioxidants as well as low levels of refined carbohydrates and saturated fats (29, 30) . The HEI-2005 score encompasses these dietary characteristics; therefore, it is a useful tool to predict abilities among older adults.
Our study is limited by its cross-sectional design, which cannot provide evidence of a causal relationship between HEI-2005 scores and physical performance. In addition, the National Health and Nutrition Examination Survey study does not include institutionalized individuals who probably have a higher prevalence of poor functional status than community-dwelling older adults. In addition, the HEI-2005 Note: Each HEI-2005 component score was analyzed as an indicator variable (those who met their recommendation vs all others). Multiple linear regression Model 1 was adjusted for age, gender, race/ethnicity, education, and smoking status. Model 2 was adjusted for variables in Model 1 plus number of comorbidities, medication use, cognitive function, and BMI. BMI was not included in knee extensor power models. BMI = body mass index; HEI = Healthy Eating Index; SoFAAS = calories from solid fats, alcoholic beverages, and added sugars. scores in this study were based on a single 24-hour dietary recall data, which may be subject to under-or overreporting, depending on the population (31) .
Despite these limitations, this study has some advantages. First, our study employed the rigorous data collection procedures used in the National Health and Nutrition Examination Survey with the ability to generate a nationally representative estimate. In addition, diet quality was measured by HEI-2005 scores that reliably capture key recommendations in the 2005 Dietary Guidelines for Americans (32) . In addition, we used valid, reliable, and objective performancebased measures instead of self-reported measures (33, 34) . We included additional covariates that may be mediators in the pathway between diet quality and physical performance.
The results of the present study add to the growing body of literature that demonstrates that diet quality is associated with functional status in older adults. Future work that evaluates longitudinally whether the consumption of a healthy diet contributes to other markers of health status is warranted. Such investigation may provide greater evidence in support of nutritional interventions targeting communitydwelling older adults (35) . Improving diet quality may be a key cost saving measure in maintaining the functional status of older adults.
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